The investigation was carried out in the peripheral lymphocytes of mint factory workers who were exposed to dusts and fumes of metal alloys like aluminium, magnesium, copper and nickel. Samples of peripheral blood were collected from 130 workers out of which 67 were smokers and 63 were nonsmokers. 54 nonsmokers and 42 smokers belonging to the same socioeconomic group but not exposed to either radiation or other toxic chemicals were studied for control data. There was a significant increase in the chromosomal aberrations in the workers when compared to the controls.
INTRODUCTION
Industrial revolution has led to the entry of various metals like lead, mercury, chromium, arsenic, nickel, cadmium, copper, manganese, and zinc into various domestic, cosmetic and consumer products that are used by man in day to day life.
Aluminium is a known neurotoxin in animals (Golub and Geshium 1992) and human (Bolla et al. 1992) . Carcinogenic effects of aluminium are reported in animals ( Bingham et al. 1979 ) and in man (Konstantinov et al. (1972) . Kusiak et al. (1993) reported stomach cancer in workers occupationally exposed to alumimium. Occupational exposure to copper is reported to result in lung cancer (Chen et al. (1993) in occupational workers. Malo et al. (1993) reported severe asthma in copper miners. Nickel is a well known carcinogen ( Fairhurst and Illing 1987) . Carcinogenicity of nickel was reported in rats (Waalkes et al. 1987) . Occupational exposure to nickel is reported to elevate sisterchromatid exchanges (Peltonen (1979) ) and chromosomal aberrations (Nishimura and Umeda 1979) . Though all these reports suggest deleterious effect of metals reports on the mutagenicity of these metals in occupationally exposed population are inadequate. Hence an effort has been made to study the incidence of chromosomal aberrations in the peripheral lymophocytes of mint factory workers who were occupationally exposed to aluminium, copper, nickel and magnesuim. Earlier reports suggest that smoking has adverse effect on chromosomes (Obe et al. 1978) . Hence the workers were categorised into smokers and nonsmokers. Further, the workers in both categories were divided into three groups based on the duration of exposure.
MATERIALS AND METHODS
The blood samples were collected from mint factory workers. India government mint (I.G.Mint) supplies high quality currency coins to Reserve Bank of India which are ready for circulation. The metal alloys are made from combination of aluminium and magnesium (alumag) and copper and nickel (cupronickel) by heating them to a temperature of 660ºC (alumag) and 1480 0 C (cupronickel) in open fire furnaces. The alloys are then cooled (annealing ) and made into sheets. The sheets were processed into currency coins of different denominations and supplied to Reserve Bank of India for circulation.
Sample Collection: Intravenous blood was collected aseptically using heparin (anticoagulant) from 63 nonsmokers (age range 24 -56 years) and 67 smokers (age range 22 -54 Years). Their working schedule was 8 hours per day and duration of service was from 3 -27 years. Simultaneously heparinised blood was collected aseptically from 54 nonsmokers (control -I) and 42 smokers (control -II) who were not exposed to toxic chemicals and belonged to same socioeconomic status.
Whole blood was added to RPM I 1640 medium supplemented with 25% human AB serum, 0.5% phytohemagglutinin, 0.25% dicristicin and 0.25% gentamycin. Control group cultures were maintained simultaneously under similar conditions. All the cultures were incubated at 37ºc for 72 h. 0.1 ug/ml of colchicine was added 2h before harvesting the cultures, then the cultures were
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Hyderabad 500 006, Andhra Pradesh, India harvested and slides were prepared according to standard method of Moorhead et al .(1960) . Slides were coded and sereened for various types of chromosomal aberrations. For each sample 150 metaphases were screened for chromosomal aberrations such as gaps, breaks, fragments, dicentrics and polyploids. The significance of total chromosomal aberrations was analysed using the chi-square (χ 2 ) test. Since gaps are not stable aberrations they were excluded from the total number of aberrations.
RESULTS
The incidence of gaps, breaks, fragments and ployploids in nonsmoker exposed group is shown in table 1 and in exposed smokers in table 2.
In the control group data from nonsmokers (Control -I) was compared with smokers (Control-II) data. Chromosomal aberrations were high in the smokers when compared to nonsmokers. The difference in the total chromosomal aberra- tions between smokers and nonsmokers was found to be statistically significant.
In the nonsmokers exposed to metal alloys there was a significant increase in the chromosomal aberrations when compared to nonsmoker control group ( Control -I). There was an increase in the incidence of chromosomal aberrations with duration of exposure. The increase in the chromosomal aberrations at all time intervals was significant when compared to the control subjects. The difference for chromosomal aberrations between the time intervals was also significant. In the exposed smokers ( Table 2 ) there was a significant increase of chromosomal aberrations when compared to control groups I and II. Totally a significant increase was observed in the chromosomal aberrations at all the time intervals, when compared to the control subjects. Further, increase in the chromosomal aberrations between time intervals was also significant. In both the control group and exposed group a high incidence of chromosomal aberrations was recorded in the smokers when compared to nonsmokers.
DISCUSSION
The toxicants that enter into human body cause disturbance to normal state and behaviour of the chromosomes which in turn lead to reshuffling of hereditory material causing chromosomal aberrations and gene mutations in somatic and germ cells.
Several earlier reports suggest harmful effects in subjects occupationally exposed to metals. Mylius and Gullvag (1984) reported significant increase in macrophages in sputum expectorates from 84 aluminium potroom wokers. Deleterious effects on peripheral nervous system were reported by Araki et al. (1993) in the workers exposed to lead, zinc and copper. Vanderwaal et al. (1990) reported high incidence of lung and skin cancers in welders and cutters exposed to chromium, nickel, copper etc. Magnesium is a relatively nontoxic metal. However acute poisoning has been observed in cows fed on diet containing high content of magnesium (O'kelly and Fontenot, 1973) .
As all these reports suggest toxic effects of metals present study was conducted in the mint factory workers who were exposed to dusts and fumes of metal alloys containing aluminium, magnesium, copper and nickel. For com-parison studies were carried out on smokers and nonsmokers who were not exposed to toxic chemiclas.
In both the control group and exposed group there was a singificant increase of chromosomal aberrations in the smokers when compared to nonsmokers. Our reports are in accordence with previous reports of Obe and Herha et al. (1978) , Fatima et al. (1995) , Rupa et al. (1989) who reported high incidence of chromosomal aberrations in smokers.
In the present study there was a significant increase of chromosomal aberrations in the exposed group when compared to control group. The results confirm earlier reports of Deng et al. (1988) who reported increased frequency of sisterchromotid exchanges in electroplating workers exposed to nickel. Haugen et al. (1983) reported increase of sister chromatid exchanges in nickel plant workers. Though metals like aluminium, nickel, copper and magnesium are used in wide spectra of industries reports on their mutagenicity are rather scarce. It is difficult to identify the effect of individual metals when they are used as alloys. Hence our study confirms cumulative mutagenic effect of these metals. Further our study warrants that undue exposure of man to metals and their alloys in industries might result in genetic damage. Appropriate precautionary measures should be taken by the workers to minimise exposure in their work environment.
CONCLUSION
Our study suggests that workers employed in industries using metals or their alloys and exposed to dusts or fumes of metals or metal alloys are prone to gentic damage. The high incidence of chromosomal aberrations in the smokers reveal a cumulative effect of smoking and exposure to metal alloys.
